Influence of the arrangement and secondary structure of melittin peptides on the formation and stability of toroidal pores.
Melittin interactions with lipid bilayers and melittin formed pores are extensively studied to understand the mechanism of the toroidal pore formation. Early experimental studies suggested that melittin peptide molecules are anchored by their positively charged residues located next to the C-terminus to only one leaflet of the lipid bilayer (asymmetric arrangement). However, the recent non-linear spectroscopic experiment suggests a symmetric arrangement of the peptides with the C-terminus of the peptides anchored to both bilayers. Therefore, we present here a computational study that compares the effect of symmetric and asymmetric arrangements of melittin peptides in the toroidal pore formation. We also investigate the role of the peptide secondary structure during the pore formation. Two sets of the symmetric and asymmetric pores are prepared, one with a helical peptide from the crystal structure and the other set with a less helical peptide. We observe a stable toroidal pore being formed only in the system with a symmetric arrangement of the less helical peptides. Based on the simulation results we propose that the symmetric arrangement of the peptides might be more favorable than the asymmetric arrangement, and that the helical secondary structure is not a prerequisite for the formation of the toroidal pore.